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versus 1.2 6 8.1 g, respectively (P 5 0.001), showing a strong,Calculated nitrogen balance in hemodialysis patients: Influence
uniformly positive nitrogen balance with HP diet and neutralof protein intake.
to negative nitrogen balance with LP diet. The ratio of dietaryBackground. Optimal nutrient intake is important in the
protein intake (DPI) to nPNA was significantly lower (ana-maintenance of a positive nitrogen balance in hemodialysis
bolic) in the HP limb (0.7 6 0.2 vs. 1.12 6 0.3, P 5 0.000). On(HD) patients. The objectives of this study were (1) to assess
the influence of two levels of protein intakes on nitrogen bal- a scatter plot of nPNA to DPI, a catabolic relationship was
ance in stable adult HD patients, and (2) to identify a minimum demonstrated below a DPI of 0.75 g/kg/day (95% CI, 0.65 to
level of protein intake that would result in a negative nitrogen 0.85 g/kg/day).
balance, so that preliminary recommendations may be made Conclusion. A DPI of approximately 1.1 g/kg/day produces
in Indian patients on maintenance HD (MHD). a positive nitrogen balance and 0.6 g/kg/day a neutral to nega-
Methods. Stable, adult, nondiabetic MHD patients were re- tive nitrogen balance, demonstrating protein anabolism as a
cruited after informed consent into a cross over trial with a function of protein intake. It is suggested that a protein intake
high-protein (HP) diet [1.2 g/kg ideal body weight (IBW)/day), of 0.85 g/kg/day should be considered unsafe. These conclusions
followed by a low-protein (LP) diet (0.6 g/kg IBW/day] after apply in stable nondiabetic adult HD patients in the setting of
appropriate periods of equilibration; for both diets, 50% of adequate dialysis and adequate calorie intake.
protein was of high biological value, and calorie intake was 35
kCal/kg IBW/day. Duplicate meals and residues were weighed,
homogenized, and stored at 2208C for analysis of dietary N
It is well known that the uremic state and the dialyticby the Kjeldahl method, used to check the consistency of the
N content of the diet supplied. Pre- and post- (30-minute equili- procedure are both catabolic, leading to a loss of lean
brated) blood urea samples were drawn, and details of weights body mass (LBM). In this setting, nutrient intake has an
and other HD parameters were recorded. Interdialytic urine important role to play in the maintenance of energy andcollections for urea were obtained. N input came from dietary
nitrogen balance (nitrogen balance). In normal subjects,protein calculated as 16% of the weight of biological protein;
N output was calculated using blood-side urea measurements a dietary protein intake (DPI) of 0.25 to 0.5 g/kg body
and urinary urea excretion and was the sum of urea N (UN) weight is necessary to maintain nitrogen balance [1].
and nonurea N (NUN) losses (assumed to be equal to 0.031 g In patients undergoing intermittent dialysis treatment,
N/kg/day).
nutritional requirements may be higher, with proteinResults. Fifteen patients were recruited. Twelve patients
intakes of 0.75 to 1 g/kg/day being necessary to preservecompleted both limbs of the study. The mean age was 30.3 6
12.7 years. The body mass index was 18.9 6 2.4. Serum albumin balance [2, 3]. Current recommendations suggest a pro-
was 3.8 6 0.35 g/dL, and Kt/V (equilibrated) was 1.17 6 0.3 tein intake of 1.2 g/kg ideal body weight (IBW)/day [4].
g/dL. Protein consumed was 1.06 6 0.18 g/kg IBW/day in the
In India, hemodialysis (HD) is generally a short-termHP limb versus 0.61 6 0.1 g/kg IBW/day in the LP limb (P 5
option before renal transplantation [5]. There is insuffi-0.000). Energy intake was 33 6 6.5 vs. 32.8 6 6.7 kCal/kg
IBW/day, respectively (P 5 0.8). The normalized protein N cient information regarding nutrient or dialytic require-
appearance (nPNA) was 0.88 6 0.2 g/kg/day in the HP limb ments in this population. Normal Indian diets contain
versus 0.78 6 0.2 g/kg/day in the LP limb (P 5 0.02). Dietary lower amounts of protein than their Western counter-N was 73.5 6 15.3 g in the HP week and 42.5 6 7.5 g in the
parts. The quality of protein is of lower biological value,LP week (P 5 0.000). The difference between this and the
coming predominantly from cereals (Table 1) [6–8]. Thesum of (UN 1 NUN) losses over the week was 29 6 13.2 g
recommended daily allowance (RDA) for normal Indian
subjects is 1 g/kg IBW/day [9]. In Indian HD patients,Key words: dietary protein, malnutrition, anabolism, catabolism, ade-
quate dialysis. dietary surveys have shown mean protein intakes of 0.8
to 0.9 g/kg IBW/day [10].
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Table 1. Sources of protein and calories period. The study was conducted over five weeks. Week
1 was a wash-in or equilibration period for the high-Meat/fish/ Cereal/pulse/ Fat/oil/
Nutrient poultry vegetable Dairy sugar protein (HP) diet. Week 2 was a study week. Week 3
A. Normal diets was a washout period for the HP diet, during which time
Protein the patient consumed his or her usual diet at home.
I 7% 80% 13% —
Week 4, was an equilibration period for the low-proteinW 54% 30% 16% —
Energy kCal (LP) diet, and week 5 formed the second study week.
I 2% 74% 7% 17% Weeks 1 and 2 and 4 and 5 were monitored. Study weeksW 21% 47% 12% 20%
2 and 5 each consisted of three HDs and their corre-B. Study dietsa
Protein sponding interdialytic (ID) periods, during which the
HP 40% 35% 25% — sample collection took place. The diet covered the en-LP 25% 40% 35% —
tire three periods of sample collection. Each meal wasEnergy kCalb
HP 10% 50% 15% 25% weighed and given to the patient, who consumed it under
LP 5% 35% 10% 50%c unobtrusive observation. Twenty-four-hour dietary re-
Data in this Table are from [6–8]. Abbreviations are: I, Indian; W, Western; calls were performed each day to monitor the intake andHP, high protein; LP, low protein.
aRefers to mixed diets; with vegetarian diets, dairy products make up the to ensure compliance with the diet. In the second and
protein and energy that may be derived from meat/poultry fourth weeks, a duplicate meal was prepared for eachbkCals from fats & oils not .30% of total calories
ckCals from sugars include pure starch (sago) meal provided; it was homogenized and frozen for subse-
quent chemical analysis. The residues of each meal left
over by the patient were also weighed, homogenized
and analyzed, with the difference between this and the
patients stabilized on maintenance HD (MHD) and to
duplicate meal being the amount consumed.
attempt to identify the minimum level of protein intake
During processing of the duplicate diets, the bulk itemsthat would result in a negative nitrogen balance, so that
of each meal (mainly cereal, namely, rice, bread, or cha-preliminary recommendations may be made for Indian
pathis) were weighed separately, and 10% of the totalpatients who are on MHD.
quantity was sampled and homogenized. Reweighing the
remaining 90% checked the accuracy of the weighing.
METHODS The remaining items of the duplicate meal were homoge-
nized together. Residues were homogenized separately.Fifteen nondiabetic adult patients who had been on
The quantity of water used for homogenization wasregular three times per week MHD for six weeks or more
recorded. Ten milliliter aliquots of homogenate werewere enrolled after informed consent for an outpatient
stored at 2208C for subsequent estimation of dietarybalance study. They were included if they were likely to
nitrogen (N).remain on HD at the center for the next six weeks, and
were able to cooperate with and adhere to the require-
Determination of nitrogen in food samplesments of a metabolic balance study. Patients with any
Determination of N in food samples was done usingrecent intercurrent illness or systemic disease were ex-
the Kjeldahl method (Kjeltec system 1002, Distillingcluded. All patients had maintained a stable dry weight
unit, Tecator, Sweden). Dietary N was estimated in everyover the preceding six HD sessions (2 weeks).
third patient to check the consistency of the N content
Diets in the diets provided. N intake was expressed as g/day
and cumulatively as g/week.The higher level of protein intake chosen was 1.2 g/kg
IBW/day, and the lower level was 0.6 g/kg IBW/day.
Patient monitoring and samplesThese levels corresponded approximately to the 75th
Patients underwent their usual schedule of three timesand 25th percentiles, respectively, in the distribution of
weekly HD in four-hour sessions. Three blood samplesprotein intakes in a stable HD population, assessed in
were collected: at predialysis, at the end of dialysis afteran earlier dietary survey [10], and the upper level also
slowing the blood pump to 50 mL/min for 120 secondsconformed to current recommendations [4]. Calorie in-
to eliminate the effects of access and cardiopulmonarytakes for both diets were kept constant at 35 kCal/kg
recirculation [11], and at 30-minutes post-HD to elimi-IBW/day [4], and 50% of the protein in both diets came
nate compartment effects [12]. Pre- and post-HD weightsfrom high biological value (HBV) sources. Diets were
and other dialysis details such as blood flows and dialyzersupplied to the patients from the center; compliance was
characteristics were recorded. Interdialytic urine collec-closely monitored by a dietitian through recalls and food
tions were performed for all patients within the studydiaries, and patients were repeatedly counseled not to
consume any food other than that supplied for the study week. Each patient was studied over three hemodialyses,
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followed by the corresponding three interdialytic pe- 5. Urea removal was calculated as the sum of dialytic
riods. and urinary urea loss. Dialytic urea removal was
calculated from pre- and post-(equilibrated) HD
Calculations blood urea, correcting for ultrafiltration, urea gen-
Nutrients were prescribed in terms of ideal body eration during dialysis, and post-HD urea rebound
weight. However, calculations, including those of actual [16].
dietary protein or calorie intake, protein N appearance
[pre HD 3 10 {(0.58 3 post-weight) 1 UF}]/1000(PNA), and total body water (TBW), were based on
actual body weight (ABW). Since the same patient 2 [{(equilibrated post-HD urea 3 10 3 0.58
crossed over in the study design, any errors in computa-
3 post-weight)}]/1000 2 [(G 3 td)]/1000tions caused by assumptions or simplifications in formu-
lae applied equally to both limbs of the study. Urea in mg/dL, UF in L, G in urea nitrogen mg/
min, and td 5 240 minutes. The total urea removed
1. TBW (volume in liters) was expressed as a fraction over the three HD sessions during the week was
of dry weight: 0.58 3 dry weight [13]. summed.
2. Urea removal indices were expressed as urea reduc- 6. Dietary protein and calorie intake were estimated
tion ratios (URR) or Kt/V (fractional clearance of from standard food tables from the weights of food
urea), where K is dialyzer efficiency, t is time on supplied and consumed [17].
dialysis, and V is the volume of distribution of urea 7. Nitrogen mass balance: The sole N input was di-
(equal to TBW, or 0.58 times body weight). Stan- etary protein intake (DPI). N output included dia-
dard formulae were used [14]. Both immediate lytic, urinary, and fecal losses, as well as that lost
post-HD urea and equilibrated 30-minute post-HD through skin, sweat, and breath. The last two were
urea were used as applicable in all formulae. small, did not change significantly with protein in-
take or catabolism, and amounted to approximately
URR 5 1 2
Post-Hemodialysis urea
Pre-hemodialysis urea
0.031 g N/kg/day [18]. The N output in urine and
dialysate was expressed as urea N (UN) appear-
ance, since non-urea nitrogen (NUN) losses (con-
Kt/V 5 2ln (post-HD urea/pre-HD urea 2 0.03) 1 tained in creatinine and uric acid) contributed only
a small fraction to the N output [19]. Dietary N[{4 2 3.5(post-HD urea/pre-HD urea)} 3
was measured as described previously and was cal-
UF/post-HD weight] culated as 16% of the biological protein consumed
[18, 20].where UF is the ultrafiltration on HD.
3. G, or urea generation rate, was calculated from the Nitrogen balance 5 dietary N 2
ID rise in urea plus any urinary urea
(UN removal 1 NUN losses)
G 5 [(C3 V3 2 C2 V2) 1
urinary urea]/tid (in g/unit of time)
Non-urea N was computed as 0.031 G N/kg/day; this was
where C3 V3 represents the blood urea nitrogen added to the urea N output in each limb.
(BUN) concentration (g/L) and TBW (L) predial-
ysis of the current treatment, while C2 V2 is the
RESULTSBUN concentration (g/L) and TBW (L) postdialysis
A total of 15 patients participated in the study, ofof the preceding dialysis, respectively; urinary urea
which 11 were males. Twelve patients completed theis expressed in g, and tid is the interdialytic interval
cross over from HP to LP limb. Three patients dropped(in minutes).
out after the HP limb. The mean age was 30.3 6 12.7Given three interdialytic periods, the total urea
(range 18 to 55) years. The mean body mass index (BMI)generated over the week was summed.
was 18.9 6 2.4 (14.1 to 22.6). The mean relative body4. Protein catabolic rate (PCR) or PNA was calcu-
weight (RBW%) was 85.8 6 9.1 (64.1 to 96.8%). Thelated from G by the formula
mean serum albumin was 3.8 6 0.35 (3.2 to 4.8) g/dL,
PCR (or PNA) 5 9.35G 1 0.294 V and mean venous bicarbonate was 19 1 4.5 (13 to 25)
mEq/L. Eight patients were receiving subcutaneous eryth-where G is expressed as mg/min of urea N, and
ropoietin regularly. The daily urine output was greaterPCR (or PNA) is expressed in g/day. The normal-
than 200 mL in nine patients.ized PCR (nPCR or nPNA, g/kg/day) was obtained
by dividing PCR by dry weight [15]. The study period of each limb consisted of one week
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Fig. 1. Relationship between protein sup-
plied and consumed. Symbols are: (d) low
protein; (m) high protein.
Table 2. Nutrients supplied and consumed in the two limbs quantities prescribed and supplied and consumed during
of the study
the two phases of the study.
High protein Low protein P
Hemodialysis detailsPatient days 105 84
Duplicate diets All patients were dialyzed three times weekly for four
Carbohydrate g/d 294670.2 313.7668 0.05
hours each session. A total of 108 hemodialyses wereFat g/d 67.6620 66.9618.2 0.8
Total protein g/d 66.2614.5 36.767.8 0.000 studied with the corresponding 108 IDIs. Mean and me-
Total protein per kg IBW/day 1.1560.2 0.6360.1 0.000 dian Kt/V (single pool) were 1.3 (SD 5 0.3), and using
Total protein per kg ABW/day 1.3360.3 0.7360.13 0.000
equilibrated post-HD urea samples, mean and medianHBV protein g/d 38.9611.3 18.964.7 0.000
kCals per day 20396362 2012.86387 0.6 Kt/V obtained were 1.17 (SD 5 0.3). Underdialysis,
kCals per kg IBW/day 35.865.8 34.665.8 0.15 therefore, did not add a component of catabolism to
kCals per kg ABW/day 41.666.8 4167.6 0.6
nitrogen balance.Diets consumed
Carbohydrate g/day 260.6657.5 294.2662.6 0.000
Fat g/day 65.1621.3 62.9620 0.45 Urea kinetic data
Total protein g/day 60.5614.6 35.5665.8 0.000
The predialysis urea, urea generation rate, and nPCRTotal protein per kg IBW/day 1.0660.18 0.6160.1 0.000
Total protein per kg ABW/day 1.2360.3 0.7260.12 0.000 were higher in the HP limb (Table 3). Cumulatively over
HBV protein g/day 37.3610.8 18.864.6 0.000 a week, the amount of urea generated and the amount
kCals per day 1870.56363 1896.46370.7 0.6
of urea removed was greater in the HP group. WithinkCals per kg IBW/day 3366.5 32.866.7 0.8
kCals per kg ABW/day 38.867.6 38.867.6 0.9 each group, however, the amount generated was roughly
in balance with that removed.Abbreviations are: IBW, ideal body weight; ABW, actual body weight; HBV,
high biological value.
Nitrogen balance
The nitrogen balance is shown in Table 4 in terms of
dietary input versus urea nitrogen loss 1 nonurea nitro-in turn consisting of three units of one HD 1 one interdi-
alytic interval (IDI). Observations on nitrogen balance gen loss. Nitrogen balance was strongly positive in the
HP limb in all patients. The LP limb showed a state ofwere available in 15 patients over 45 HD 1 IDI units
in the HP limb and in 12 patients over 36 HD 1 IDI neutral to negative nitrogen balance. As DPI increased,
there was almost a linear increase in the absolute nitro-units in the LP limb.
gen balance (Fig. 2).
Diets The state of protein catabolism is represented differ-
Figure 1 shows the relationship between the supplied ently in Figure 3. A scatterplot of DPI against nPCR
diet and diet consumed. Plate waste was greater in the shows that in the LP limb, many of the points fall above
the line of identity, suggesting a relative protein catabo-HP limb, showing that patients often found it difficult
to consume such quantities. Table 2 shows the nutrient lism, that is, a N appearance greater than could be ac-
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Table 3. Urea kinetic data
High protein Low protein P
Ratio of HD/IDI N 15/45 12/36
Kt/V (sp) 1.2760.3 1.2860.3 0.9
Kt/V (eq) 1.1760.27 1.1760.28 0.9
Pre-HD BUN mg/dL 54.3613.6 46.369.5 0.001
G
UN mg/min 3.661 3.260.9 0.05
UN g/IDI 10.264.7 9.763.1 0.5
PNA g/day 42.169.7 38.668.3 0.09
nPNA g/kg/day 0.8660.19 0.7560.16 0.01
Urea N removed
g/HD 9.762.9 8.962.7 0.17
Urinary urea 2 N G/IDI 0.961.4 0.660.7 0.3
Cumulative over 1 week
Urea N generated (G) 33.568.1 29.166.2 0.12
Urea N removed (dialytic 1 urinary) (G) 31.766.7 28.566.4 0.2
Urea N generated 2 removed (G) 1.763.8 0.662.9 0.4
Paired data N 5 12
Urea N generated g 36.366.1 29.166.2 0.001
Urea removed g (dialytic 1 urine) 34.164.7 28.566.4 0.007
Urea generated 2 removed g 2.263.8 0.662.9 0.3
Abbreviations are in the Appendix.
Table 4. Nitrogen balance: Dietary N input versus N removal and losses
Cumulative over 1 week High Low P
All patients N 5 15 N 5 12
Total protein consumed g 459.1695.7 265.9646.6 0.000
N equiv. of proteina (16%) g 73.5615.3 42.567.5 0.000
Urea N removal g (dialytic 1 urine) 31.766.7 28.566.4 0.2
NUN losses g/week 10.861.7 11.161.4 0.56
N balance
Protein N input
(urea N output 1 NUN output) 30.9613.2 2.967.9 0.000
Paired patient data N 5 12
Total protein consumed g 480.1692.4 265.9646.6 0.000
N equiv. of protein (16%) g 76.8614.8 42.567.5 0.000
Urea N removed g (dialytic 1 urine) 34.164.7 28.566.4 0.007
NUN losses g/week 11.161.4 11.161.4 0.9
N balance
Protein N input urea N output 1 NUN output 31.6614.6 2.967.9 0.000
DPI vs. nPNA
nPNA/DPI ratiob 0.760.2 1.1260.3 0.000
(range) (0.4–1.12) (0.72–1.8)
aEstimated nitrogen (g/week): HP 5 77.7 6 22, LP 5 48.7 6 8.2; vs. calculated N, P 5 0.64
bRatio .1 suggests relative catabolism and ,1 relative anabolism
counted for by the DPI, most easily explained as endoge- take was carefully controlled within a narrow range
(P 5 0.09).nous protein catabolism. In the HP limb, all of the points
fall below the line of identity, implying an anabolic state
Estimated versus calculated dietary nitrogen(Fig. 3). The regression line intersects the line of identity
at a DPI of 0.75 g/kg/day (95% CI, 0.65 to 0.85 g/kg/day; Dietary N was estimated in every third patient as a
check on the consistency of the N content of the diet.SD of DPI within 95% CI, 0.064 g/kg/day), indicating
that a protein intake below this is unsafe, when nitrogen There was a fair degree of correlation between the two
methods (r 5 0.89). However, calculated N appeared tobalance could become negative. In each patient who
crossed over from the LP to the LP diet, the ratio of underestimate measured N by about 15 to 20%. This
could offset, in part, the underestimation of N outputnPCR to DPI is increased significantly (Table 4). There
was only a nonsignificant trend in the effect of calorie because of unmeasured N losses [21] in the calculation
of balance.intake on the ratio of nPCR to DPI, since calorie in-
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Fig. 2. Absolute nitrogen balance increases
linearly with increasing protein intake. Sym-
bols are: (j) low protein; (m) high protein;
r2 5 0.82.
Fig. 3. Scatterplot of dietary protein intake
(DPI) versus normalized protein nitrogen ap-
pearance (nPNA). The regression line cuts
the line of identity at a DPI of 0.75 g/kg/day
(95% CI, 0.65 to 0.85 g/kg/day); nitrogen bal-
ance is likely to be negative below this level
and positive above, given a constant calorie
intake of 35 kCal/kg/day (r 5 0.41; P 5 NS).
DISCUSSION malized protein catabolic rates (or normalized protein
nitrogen appearance, nPNA) used to assess DPIs in thisThere is a paucity of data on HD and nutrition in Asian
population have shown values of 0.8 6 0.2 g/kg/day [ab-populations. Diets differ from Western populations in
stract; Rao, Blood Purif 16(Suppl 1):81, 1998]. Lowerboth quantity and quality of protein. Indian diets contain
values for PNA might imply an anabolic state. On theabout 50 to 55 g protein/day, of which only 20 to 30%
other hand, in a stable patient in a state of zero netis of HBV, most of the protein and calories (70 to 80%)
nitrogen balance, a low nPNA reflects a LP intake. In-coming from cereals and pulses (such as lentils, legumes).
deed, adaptation to hypocaloric diets [22] or to LP dietsIn Western diets, 80% of protein is of HBV, and only
[23] in normal subjects and patients with chronic renal50% of calories come from carbohydrate sources (Table
failure (CRF) has been shown [24, 25], and both neutral1) [6–8]. A dietary survey in clinically stable HD patients
nitrogen balance and anabolic responses could occur atfrom this unit, under close supervision by a dietitian,
relatively lower levels of protein intake. Few studies haveshowed mean protein intakes of 0.9 g/kg/day, 50% being
of HBV, and energy intakes of 30 kCal/kg/day [10]. Nor- addressed dietary protein requirements in MHD [2, 3,
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19]; nitrogen balance data would be necessary to outline centage of 104 1 3.9%) [33]. Comparable data are not
available in HD patients. In our patients, the linearitydietary protein requirements in a population with a pos-
sible background of adaptation to lower protein diets. of the relationship was a prominent feature, but no pla-
teau was reached. The two important factors that wouldOur results showed that nitrogen balance was strongly
positive on the HP diet and was neutral to slightly nega- have influenced the relationship between nPNA and DPI
in these patients were their being in the initial phase oftive on the LP diet. However, the actual protein con-
sumed during the HP limb was about 1.1 g/kg IBW/ dialytic therapy and the presence of relative undernutri-
tion. Both might promote a positive nitrogen balanceday, and there was considerable plate waste on this diet,
suggesting that patients often found it difficult to con- in the presence of protein feeding. Studying nitrogen
balance even earlier after instituting MHD might shiftsume such quantities. The relationship between nitrogen
balance and DPI was linear, increasing as a function of the relationship between nPNA and DPI further to the
left and several months later to the right. The mean BMIprotein intake. The relationship between DPI and nPNA
may be considered a crude index of the state of protein of the study population was 18.9 1 2.4 (range 14.1 to
22.2; ,18.5 in 6 out of 15), indicating mild to moderateturnover [26]. During the LP diet, the nPNA was greater
than the DPI in over half of the days studied, suggesting a malnutrition. In normal healthy urban Indians of compa-
rable socioeconomic status, the average BMI is 20 to 25catabolic state. On the HP diet, the nPNA was uniformly
lower. While it has been generally appreciated that the [34].
The other factors influencing this relationship wouldline of best fit is usually skewed from the line of identity
in this relationship, earlier studies have reported a better be calorie intake, the quality of protein consumed, and
acid-base status. Caloric intake was assiduously main-correlation between nPNA and DPI in both HD [27, 28]
and continuous ambulatory peritoneal dialysis (CAPD) tained in this study and would have contributed to pre-
serving nitrogen balance over the range of protein intake[29–31]. The lower correlation reported in this study was
most likely a function of a marked degree of anabolism. studied. Even at higher protein intakes, nitrogen balance
may become negative if caloric intake is inadequateThe increase in protein intake itself would be a contribut-
ing factor (r 2 5 0.16). Maroni, Steinman, and Mitch [35–37]. Again, intake of protein of lower biological
value may require larger amounts to maintain balance.showed that NUN appearance remained constant despite
changes in protein intake [18]; hence, the use of a con- Diets in this study were designed to allow 50% of daily
protein intake to be of HBV, thus providing for sufficientstant value for this (0.031 g/kg/day) was unlikely to con-
tribute to any underestimation of nPNA. The transition essential amino acids [38].
The acid-base status was not specifically addressed inwas seen to occur at about a DPI of 0.75 g/kg/day (95%
CI, 0.65 to 0.85 g/kg/day), which identified a limit of this study, and intervention consisted of the dialysate
buffer and oral calcium carbonate, administered primar-protein intake at the specified calorie intake, below
which catabolism would occur and therefore be unsafe. ily as a phosphate binder. Lim, Yarasheski, and Flanigan
showed that correction of acidosis allows CRF patientsThis level is in agreement with previous studies [2, 3].
The ratio of nPNA to DPI increased uniformly in the to adapt to lower protein intakes [39].
Although nitrogen balance has been used as the goldpatients who crossed over from a HP to a LP diet, again
suggesting that protein intake itself had an independent standard to address protein requirements in dialysis pa-
tients, the limitations of the method are well known [21].influence on the state of protein catabolism.
The linearity of the relationship between nitrogen bal- Balance does not necessarily provide an insight into the
metabolic responses that occur after a change in proteinance and protein intake was also emphasized by Berg-
stro¨m et al in CAPD patients three to six months after intake [23]. Protein restriction in normal and nondia-
lyzed CRF patients results in adaptive mechanisms suchstarting dialytic therapy. Repeating the nitrogen balance
assessments approximately one year after starting CAPD as a decrease in amino acid oxidation and a suppression
in whole body protein degradation to preserve a neutralshowed that the linearity no longer existed. The magni-
tude of the positive nitrogen balance in our study is nitrogen balance; these mechanisms are sustained in the
long term [24, 25]. However, when protein intake be-comparable to the results of Bergstro¨m et al in patients
in the early months of dialysis, as high as 3.5 g N per comes inadequate, beyond compensatory mechanisms,
nitrogen balance becomes negative with a loss of LBM.day with a DPI of 1.5 g/kg/day [32]. Blumenkrantz et al
again studied CAPD patients and showed a curvilinear Because of the normally high rate of protein turnover
(~300 g/day), even a small change in the rate of proteinrelationship, with no further increase in nitrogen balance
beyond a DPI of 1.09 g/kg/day. Below this, nitrogen degradation or synthesis if sustained could result in the
loss of LBM, and it is the level of protein turnover in-balance increased linearly with increasing DPI. Patients
in this latter study had been on some form of dialytic duced by a given level of protein intake that would pre-
dict long-term dietary adequacy. The ability to increasetherapy for much longer (49.3 1 14 months) and had a
fairly satisfactory somatic nutritional status (RBW per- protein synthesis is impaired in CRF patients [40]. In
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addition, with the onset of HD, catabolic processes in- measurements, correcting for rebound, intradialytic urea
crease, because of the dialytic procedure itself, dialytic generation, and ultrafiltration on HD [16]. Although this
loss of amino acids [41, 42], and dialyzer membrane was inexact, it simplified the study and obviated the need
bioincompatibility [43, 44] and other metabolic derange- for dialysate collection, in itself cumbersome and subject
ments, metabolic acidosis [39, 45], increased resting en- to errors [51]. This also allows for this method to be
ergy expenditure [46], insulin resistance, and hyperpara- adapted to the routine outpatient nutritional manage-
thyroidism [47]. Thus, the combination of heightened ment of HD patients. The use of anthropometric total
catabolic influences in the face of impaired protein syn- body water (V) may also be seen as an imprecise mea-
thesis would dictate that a given level of protein intake surement [13, 52], but may be accounted for by the same
should consistently produce a positive nitrogen balance patient crossing over from one limb to the next in the
in a short-term nitrogen balance study, if these results are two parts of this study, thus forming his or her own
to be extrapolated as a basis of dietary recommendations. control.
The level at which a negative balance occurs denotes a The results suggest that in our population, a protein
patently unsafe level of intake. intake of (0.85 g/kg ABW/day should be considered un-
Two implications follow the demonstration of a posi- safe. This should not be considered as defining the least
tive nitrogen balance with increasing protein intake in acceptable level since the observations were drawn on
this study. First, protein anabolism can occur in the set- a small number of patients fed only two levels of dietary
ting of renal failure, and this is more pronounced in the protein. Furthermore, no clear upper limit of protein
initial months of dialytic therapy. Therefore, interven- intake was identified. Increasing intake was associated
tions such as increasing or supplementing nutrient in- with increasingly positive nitrogen balance, limited only
take, especially in the early period into dialysis, should by the patient’s capacity to eat (in our study this was a
receive due emphasis. Second, this study also shows that mean protein intake of 1.1 g/kg IBW/day or 1.2 g/kg
a positive nitrogen balance can occur at levels of protein ABW/day; Table 2). A further increase in intake would
intake below usual recommendations, especially in the be obviously beneficial in the early phase after starting
setting of malnutrition, or where adaptation may have HD, especially in those patients with a background of
already occurred to lower protein intakes. The presence clinical malnutrition. These findings would be applicable
of a positive nitrogen balance here does not denote di- in the setting of the nondiabetic HD patient, who is
etary adequacy, although it suggests that the given level clinically stable with adequate dialysis and has no in-
of protein intake is currently safe. Any intercurrent cata- tercurrent illness, if caloric intake is adequate and if 50%
bolic stress may render nitrogen balance negative with of protein comes from HBV sources. The presence of
adverse consequences at the same DPI. systemic illness or a decline in level of energy intake or
Earlier interventional balance studies have subjected quality of protein would mandate an increase in dietary
patients to different levels of protein intake and mea- requirements.
sured balance [2, 3, 19, 33, 35]. The equilibration phases
have varied from 0 [19] to 14 [35] days. During each ACKNOWLEDGMENTS
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APPENDIXhad evidence of N imbalance [26].
Abbreviations used in this article are: ABW, actual body weight;Certain other aspects of the methodology merit discus-
BMI, body mass index; BUN, blood urea nitrogen; CRF, chronic renalsion. First, balance was dealt with cumulatively over the
failure; DPI, dietary protein intake; G, urea generation rate; g, grams;
study week. Although this has been described to increase HBV, high biological value; HD, hemodialysis; HP, high protein; IBW,
ideal body weight; IDI, interdialytic interval; Kt/V, fractional clearancethe margin of error [21], it remains more convenient
of urea on dialysis; LBM, lean body mass; LP, low protein; MHD,for an outpatient study and also allows for intrapatient
maintenance hemodialysis; N, nitrogen; NB, nitrogen balance; nPCR,
variability to be averaged over time [48, 50]. normalized protein catabolic rate; nPNA, normalized protein nitrogen
appearance; NUN, nonurea nitrogen; RBW, relative body weight;Nitrogen output was calculated from blood side urea
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RDA, recommended daily allowance; TBW, total body water; UN, amino acid metabolism: Nutritional implications and some lessons.
Am J Clin Nutr 46:709–725, 1987urea nitrogen; URR, urea reduction ratio; V, total body water.
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